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IntroductIon
The Bay of Cádiz in South of the Iberian Peninsula is 
surrounded by a vast area of marshes formerly associated 
to the mouth of Guadalete River. Since centuries this 
area has been exploited for natural resources, salt and 
seafood. Transformation of wetlands and marshes for 
salt extraction was already documented several centuries 
ago but was intensified during 18th and 19th centuries. 
The result is a huge area of intricate saltponds, main 
and secondary sea channels and natural marshes that 
offers a unique landscape of great ecological and cultural 
value. The permanence of inundate areas during many 
months a year along with marshes of tidal influence 
created an interesting ecosystem with high diversity of 
macroinvertebrates as well as high biomass productivity. 
This biological richness explains its use as a natural 
nursery area for fish coastal communities as alternative to 
river estuaries. Besides, this area is placed in the route of 
migratory birds between Europe and Africa.
Extensive fish polyculture is an activity that was 
developed in association to salt works. A typical saltpond 
property (salina) is formed by a first reservoir pond that 
takes the water directly from the sea channel throughout a 
pond-monk, followed by a labyrinth-shaped evaporation 
ponds system and finally by the crystallisation ponds. The 
water column in these ponds system is progressively lower 
from 1-1.5 m in the reservoir to just few centimetres 
in the crystallisation ponds. The reservoir pond, called 
“estero”, accounts for almost a third of the total surface 
and is the place traditionally used for fish farming.     
trAdItIonAl fArMIng SyStEM
The regular farming procedure consists in a yearly cycle, 
starting in winter after emptying the ponds and collecting 
the fish produced during the previous season. After the 
fishing, the pond-monks remain open several months 
during winter and spring. The system works driven with 
the energy of tides. In this Atlantic side of South Europe 
the tides range from 0.5 up to 3.5 m level difference 
between high and low waters. An adequate hydrologic 
management by using floodgates and tides allows the flow 
of water through the ponds system. As in other estuarine 
systems, the hydrodynamic imposed by tides induces a 
continuous entry of fingerlings and their retention in 
the marshes and channels network. The farming takes 
advantage of this to collect fry inside the esteros during 
winter and early spring. During few months the water 
flows free through the esteros and salt ponds by the action 
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Fig. 1. Landscape of marshes, saltpans and fish farms in the Bay of Cádiz.
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of tides. After this period of natural recruitment the 
pond-monks are almost permanently closed allowing 
only a partial and episodic renovation of water through 
the monks equipped with nets to prevent the fish 
escaping. Fry trapped in the ponds grow during several 
months fed exclusively on natural benthos communities 
as well as on small fish during last months. The fish are 
captured at the end of autumn or early winter. The main 
commercial species produced in this polyculture system 
are mugilids, seabream, seabass and sole, production that 
is complemented with the recollection of eels and some 
crustaceans as crabs and shrimps.
With the decline of salt industry over the 20th century 
many salt works were abandoned and the extensive fish 
polyculture remained as a residual activity for the owners 
of these ponds. In this new situation many ponds were 
partially adapted to extensive fish farming reutilising 
the evaporation areas by digging the ponds to increase 
depth and by opening more floodgates. Basically this 
adaptation consisted in enlarging the area used as estero 
favouring a better water renovation. Other few saltworks 
were completely transformed in new brand ponds for 
semi-intensive fish monoculture. And finally, many 
others remain abandoned. The fate of these unused areas 
is to disappear if no action is taken. This is an artificial 
ecosystem that without proper maintenance suffers both 
erosion and drying up by sedimentation. Therefore 
parts of unused ponds become swallowed by the sea 
while other ponds become completely and permanently 
dry. The consequence of this dynamics is a continuous 
decreasing of the surface that is inundated during the 
summer and autumn months.
The farming activity has contributed to maintain this 
particular landscape of high, environmental and heritage 
value after the dramatic decline of salt works industry 
during the past century. However, the low profitability 
of this activity and in consequence the progressive 
abandoning of ponds is still a primary threat for the 
prevalence of this area. Natural marshes, sea channels, 
extensive and semi-intensive farms, some few saltworks 
and abandoned ponds are currently sharing this area 
protected by declaration of Natural Reserve. However, the 
lack of a thriving economic activity generalized for the 
whole area is menacing the existence of many ponds and 
the general structure of this interesting ecosystem.
A PrActIcAl cASE Study
Like in other Mediterranean regions still maintaining 
traditional extensive or semi-extensive farming in coastal 
earth ponds, it is necessary to find ways for improving the 
profitability while maintaining the sustainability and the 
environmental quality of these areas. This is the aim of 
European Commision (FP6) funded SEACASE project 
(www.seacase.org). In the case of the semi-abandoned 
area of Bay of Cádiz, one way to reach such objectives is 
to increase progressively the water surface useful for fish 
farming, recovering drained and formerly unused zones 
and ponds. In this practical case, we have examined the 
regeneration capacity of the bottom of new excavated 
ponds for continuing producing the natural food source 
for the extensive fish farming. The principal premise is 
that this new estero was connected to the same channel 
system and follows the same farming procedures that 
older ones.
The study was carried out in a traditional farm that is 
a paradigm of pure extensive culture developed in old 
salt-works areas – Salina Ntra. Sra. de los Desamparados–. 
It produces several fish species in extensive polyculture. 
This farm is located within the protected area of the 
Natural Park Bay of Cádiz, and is crossed by an eco-
tourism path. The farm has many interconnected ponds 
of irregular shape with a total surface of 64 ha. At the 
beginning of the study only 36 ha were available for fish 
farming, approximately 70% corresponding to water 
surface. Currently, the old crystallization ponds and 
old salt-storing and working zone that were completely 
abandoned and dried-up are being recovered as new fish 
ponds. Therefore, the farm has two differentiated zones: 
One zone (A) that has been working as extensive fish 
culture for decades, which is split in two independent 
lagoon systems with different size (ponds 1 and 2), and 
other zone (B) that is currently being recovered and 
that was partially inundated for the first time in June 
2007 and started to work in 2008 (pond 3) (Fig. 1). We 
examined the physical and chemical characteristics of the 
water, and the plankton and benthos communities during 
2007 and 2008. Finally we determined the total amount 
of fish produced at the end of the farming seasons in 
each estero. The harvesting of the fish and crustaceans 
production in the ponds was done during a period of two 
weeks by lowering the water level and fishing with net. 
Crabs and eels were caught using net traps. 
Water temperature, salinity, pH and nutrients (NO
3
-, 
NO
2
-, NH
4
+, SiO
2
, PO
4
3- and suspended organic matter) 
were similar in the three ponds. In September 2008 
there was a punctual episode that affected the water 
characteristics in ponds 1 and 2 associated to high fish 
mortalities. This episode in the water quality affected the 
sea channel that supplies the water in the marshes and 
ponds in this area. The pond 3 did not renovate water 
during this episode and was not affected. The water 
conditions were the expected in saline and hypersaline 
coastal temperate environments in South Europe, with 
temperatures ranging between 9 and 28ºC and the 
salinity between 27 and 50 g l-1. Overall the abundance 
and composition of zooplankton were similar in the 
old and new ponds. The zooplankton composition was 
concordant with previous studies in the saltponds of the 
Bay of Cádiz (Yúfera et al., 1984) being the copepods 
the dominant group followed by veligers of bivalves, even 
typical autumn blooms of Brachionidae were observed.
Over forty species were identified in the benthos samples 
of Salina Ntra. Sra. de los Desamparados. The main 
zoological groups were worms (annelids, nemertines and 
nematodes), molluscs (mainly gastropods and in a lesser 
extend bivalves), crustaceans (mainly amphipods) and 
insects (chironomids). The most abundant species were 
Capitella capitata (polychaeta), Hydrobia minoricensis 
(gasteropoda) Microdeutopus gryllotalpa (amphypoda) and 
Chironomus salinarius (insecta), as well as oligochaets and 
nematodes (species not identified). The benthos species 
composition was also similar to that observed in previous 
studies in other salines of the area (Arias and Drake, 
1994). In the new estero, the benthos communities 
appeared quickly after the start of water flowing with 
the tides. Although with some difference in the species 
composition (mainly less amount of worms), the total 
biomass found in the sediment was similar to that 
determined in old esteros. In all cases, the benthos biomass 
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that increased quickly after the permanent opening of the 
monks during winter decreased along the growing season 
and practically disappeared at the time of fishing the 
ponds at the end of the year (Figure 2). 
Although many commercial species appears in these 
ponds, the main production was constituted by mugilids, 
followed by eels and sparids. Crustaceans accounted for 
6-8 % while low value fish species such as mummichog, 
gobius and atherina accounted for 6-7% (Figure 3). 
These later species and other small fish form part of 
the feeding of carnivorous fish, mainly seabass and eels. 
In fact a complex trophic web is established among 
the different species and the benthos community. The 
composition of the harvested production is therefore 
consequence of these feeding relationships, of the fry 
recruitment composition and of the pond management. 
The location of this farm, very close to the Cádiz bay, 
favours seabream recruitment and consequently the final 
production of this species is higher than in other places 
confined in marshes area (Arias 1996). The average 
fish production in the Cádiz area is 200 kg ha-1. This 
extensive production depends largely on the situation as 
well as on the tide water and ponds management, and 
can be very different in each farm. In the present case 
study the average production was 306 kg ha-1 considering 
only inundate surface, ranging between 218 and 418 
kg ha-1 in each pond during the two seasons (Table 1).  
This amount was only of 267 kg ha-1 if non-commercial 
species are excluded.
Fish production obtained in the new estero at the end of 
the first working season in December 2008 was similar 
to that obtained in older esteros, a total amount 320 kg/
ha, from which 5.1 % were crustaceans and only 0.2% 
were fish without commercial value. These interesting 
results confirm the high natural productivity of the 
area and the rapid regeneration capacity of water bodies 
connected to the channel and marshes network of the 
Bay of Cádiz. The main conclusion of this study is that 
in this area, recent built ponds connected to the natural 
net of sea channel are quickly colonised by the natural 
communities, plankton and benthos. Consequently, 
the ponds are able to yield regular fish production with 
traditional extensive system without any food supply 
from the first year. 
PErSPEctIvES
From the beginning of salt industry decline during the 
20th century, the extensive fish production increased 
progressively from 30 kg ha-1 in the Forties up to 300 
kg ha-1 in the change of century. Such increase has been 
achieved with improvements in the pond structure, in 
water management, natural fry recruitment and farming 
procedures, including the preparation of wintering 
ponds for undersized animals. Taken into account the 
present results and the production recorded in few other 
extensive farms (Arias and Drake, 1999), it seems clear 
that the yearly production may not increase just with 
an adequate management, but also investments for 
improving the ponds design and water circulation are 
required. From the biological point of view recuperation 
of abandoned areas is feasible but there are additional 
problems to solve. The increase of fish production in 
this area in extensive and semi-intensive regimes has 
been accompanied by a notable increase of aquatic bird’s 
populations. The producers estimate in 15-30% the losses 
of fish production due to bird predation. The role of 
these extensive farms in maintaining the environment is 
not well recognised by the society. Currently the farmers 
are suffering the losses and damages caused by protected 
animals without any kind of compensation.  On the 
other hand, farms for semi-intensive fish monoculture 
are also sharing this area. Advantages and disadvantage 
of semi-intensive monoculture are well-known, namely 
better profitability but a tendency to lower sustainability. 
Nevertheless the wetlands area surrounding the Bay of 
Cádiz is large and diverse enough to accommodate both 
systems. Integrated farming systems combining semi-
intensive and specific extensive cultures in currently 
unused ponds may contribute to enhance sustainability 
and profitability, while preventing potential interference 
with traditional farming system with regards to water 
quality. A balanced combination of the different 
landscapes and uses, such us combined semi-intensive and 
extensive farming system, traditional extensive culture 
system, as well as working saltpans and virgin marshes, is 
a scenario that would be able to maintain both economic 
activity and the heritage significance (environmental and 
ethnic) of this area. There are other ways for improving 
profitability as the potential added value of fish cultured 
Production kg/ha Pond 1 Pond 2 Pond 3 (new) total
Water surface 7.74 18.76 4.69 31.19
December 2007 418.20 218.33 - 276.70
December 2008 369.15 324.96 320.14 335.19
Table 1.- Fish production collected in the different pods of the Salina Ntra. Sra. de los Desamparados during 
2007 and 2008.
Fig. 2. Macrobenthos in Esteros
gm
-2
S
S
E E
Fig. 3. Seasonal changes in benthos biomass in the sediment of the este-
ros. S: start of the fish growing season, ponds permanently inundated. E: 
end of the season and harvesting of the fish production.
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in earthen ponds in extensive and semi-intensive systems. For 
instance, the farmer associations in South Spain in agreement with 
the Administration launched the denomination “Pescado de Estero” 
as a trade mark identifying fish cultured in earthen ponds.
To make compatible the aquatic economical activity and the 
environmental characteristics of this area is an achievable challenge 
that is necessary for the proper conservation of wetlands of the 
Natural Park of the Bay of Cádiz, a landscape and an ecosystem that 
is worth to be preserved for future generations. 
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Fig. 5. Fish species composition at harvesting in the recent built estero.
Fig. 4. Harvesting the fish production of the season 
in traditional extensive farming. Above: In 1930 and 
below: modern day.
